In this work, a 3-D simulation is performed to study for the solid-fluid coupling effect driven by piezoelectric materials and utilizes asymmetric obstacles to control the flow direction. The result of simulation is also verified. For a micropump, it is crucial to find the optimal working frequency which produce maximum net flow rate. The PZT plate vibrates under the first mode, which is symmetric.
INTRODUCTION
Since the inception of micro-electro-mechanical system (MEMS), piezoelectric materials have Fan et al [1] obtained distinct net flow rates for different working frequencies. They also showed that different modes of interaction between fluid and structure made the flow rate change. Yang et al [2] used the asymmetric obstacles controlling the direction of the flow and volume flow rate.
They derived the mathematic formula which substitutes as the vibration of piezoelectric plate in order to simplifying simulation. The simulation includes the dimension of the obstacle and the viscous effect of flow rate. Pan et al [3] showed that there were the essential relations among inertial, viscosity force and the dimension of the micropumps, for the high working frequencies, the order of the magnitudes of inertial force and viscous force were very close. They show that this phenomenon had no concern with fluid and the working frequencies.
In addition, the phase lag phenomenon occurring at the interface between the fluid and structure was observed in this work. In previous research, they neglected the effect of damping. They usually assumed that when power supply is turned on, the piezoelectric plate will have a displacement in the air. In this way, the decayed phenomenon of water driven by vibration of piezoelectric film cannot be estimated. In our opinion, we can find another method to combine displacement with damping effect. Table 1 to 3, and Table 4, respectively. In this work, we do a complete 3D simulation, considering the interaction between solid and fluid.
THEORY

The flow field
We assume that the density ρ and viscosity η of the modeled fluid are constant, not be affected by temperature and concentration.
The governing equations of continuity and three-dimensional momentum can be expressed as follows:
where u , v , w are the velocity components of V , η is the dynamic viscosity of the fluid, ρ is the density of the fluid, and p is pressure.
The structure field
For the general elastic materials, the equation of motion, the relationship between the strains and the displacements and charge equation of electrostatics, are:
, 
where ijkl E C is the elastic material constants; s ik ε is the dielectric constants, the kij e is the piezoelectric stress constants.
Boundary conditions
We assume the interface between fluid and the piezoelectric plate to be a clamped plate. 
SIMULATION RESULTS
The natural frequency analysis about the structure made by PZT and glass are presented in Figure 3 . The first, second, and third natural frequencies of the solid structure are 62812, 168124, and 289100 Hz respectively.
The most significant purpose of the micropump is the relationship between the flow rate and working frequency. In this paper, we applied the fixed voltage and varied the frequency to find the maximum flow rate. 
